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Claims 

1. A mixed-mode fuel injectorr-w^^G h is a NgtvaGGUfaGy-GQuple-afH^mpenef^te 
comprising: 

(I) a nozzle body (5>T-wl=fi6fe4^a&-feiet -comDrisina p assage s for fuel 7-wl=Hel^4»as. an 

inner cylindrical spaces for receiving a-movabie-oa rt needle valve, and a conical surface 
(C^ close to the tip (7) of the nozzle body for ouidino a sprav of fueh x 

(ii) a needle valve JH, which has a converging-diverging conical head therebyfor 

ffljides-#>e-flow-o ^Quidinq a sprav of f uel rand v^/hlch is movable back and forth and 
received in said nozzle body, w^hereln said needle valve Is at a biased closing position or 
an opening position defined by driving mean s: andv 

(lii) a micro-variable-circular-orlfice (4^ comprising a variable circular ring aperture 

between said needle valve and. said nozzle body-^Bd-^--plufality-ofHFfH€fe-GhanBete7 

whefeif HSUch that it-has-means-ef-disehafging-fuei is discharaeable in variable 

sprays of conical and conical-muiti-jet shapes through said micro-variable-clrcular-orifice 
by lifting said needle valve at different magnitudes. 

2. A mixed-mode fuel injector according to claim 1. where in the micro-variable- 
circular-orifice (4) further comorises a pluralitv of micro -channels (6). 

2r, A4^jel-«^eetori-v^elv4s-a-hi 

nozzle-bedyr^ieW^as^oet-^ssages^ 
movable-^aiVwWeW^is-^eoni^ 
needle-A/^alverWiwi^-has-^HSonveFgi 
fuelr-vvh46*v4sH=«ev^ 

,:^eed^e-valve--t&-«t-^--bia©eG^-€tesir^§-^os♦t^^ 
mean6r^i4)-a-R=HOF0-vaffabi 

sai d - n co dl o v a lv e and -oaid n o zzl e bedy^•A^^re^n-4 t h a s mea ns-of-dlsehafgtfig-fueMn 

vQi4a^e--spfays-'©f-GefH6a4-ehapes-4hf^ 

said-needlo v ai v o a t dif fefent4Y»a§ntode&r 

3. A mixedrmode fuel iniectorT he-fael-inieetQf^f according to c laim 1.or2-, wherein 
eles64©-t^=ie44p-^wfeee--0^zzie-^ 

the conical surface JC) oan-betias a single conical surface. 

4. A mixed-mode fuel Injector according to claim 1 or 2. wherein T the conical surface 
(C) is an Integrated conical surface witlv -having two or more conical surfaces with 
different conical angles connected together. 
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5. A mixed-mode fuel injector according to claim 1 or 2, wherein the conical surface 
(C) is z -of-a diverging curved surface. 

64. A mixed-mode fuel injector accordlno to claim 1 or 2^ e-ftiel4ftieetor-ef-6latfyHt~. 
wherein the needle lift for the opening position is approximately in the range of 0-300|am. 
the needle head diameter Is approximately rn the range of 0.8-3.6mm, and the angle 
between the centerline of the nozzle body (5^ and the inner conical surface iSLat the 
nozzle body tip iZLis approximately in the range of 35-75 degrees. 

A mixed-mode fuel in lector according to claim 2. T he4<ieNnje6ter--<»f~Gtatfn-44^as 
wherein the a -pturalitv of micro-channels (6) is on the said conical surface (CLwith the 
cross section s that are - shaee-o^ one or more of s emi-circles, arcs, triangles, trapezoids 
or other polygons^ 

8. A mixed-mode fuel injector according to claim 2, r -wherein the needle head (3) 
remains at least partially received within the tip (7) a s the needle valve (1) is moved bacK 
and forth between the biased closing position an d opening position tl:^e-fteedle-4=^ead-4s 
^4ally-^F-lull^y--mer^e4-«v4he-4»^ of th e n oz-zlo body d ufing-4ha-Reedle4iffing7 
i.rt^i^n thr. n^f^rii^ waiwgMfrjtfted. -such that when f uel is injected through the micro variable 
aperture j[4i.between the needle head and said conical surface of the nozzle body, fuel is 
also Injected through the multiple micro-channels J21. the upper surface of the needle 
head and the conical surface(s) serve as guiding surfaces for fuel sprays. 



9§. A mixed-mode fuel iniector according to claim 7 T ho fuel ini eGtet^ f claim 5 , 
wherein there are about 4-20 micro-channels (gLwith the cross-section shape-of either 
semi-circles with the diameters approximately in the range of SO-SOOpm^ 

10. A mixed-mode fuel iniector according to claim 7 wherein v-of-otho r s hapo s as 
^o^nrib^jg-^i^im, ^ thftrft are about 4 -2Q micro-channels (6) having a cross-section 
other than semi-circles w ith the maximum dimension approximately between 50-400Mm,T 

11. A mixed-mode fuel iniector according to an v of. claims 2 to 10. wherein the sizes 
of said micro-channelsigl Gat^-bo-arejhe same. 

m 

12. A mixed-mode fuel iniector according to anv of claims 2 to 10. wherein the sizes 
of the micro-channels (6) are oMllfferent depending on specific needs of atomization^ 
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13. A mixed-mode fuel injector according to -ans/ of claims 2 to 12. wherein the said 
micro-channels (6^ are distributed on or under the conical surface_(Clr4h«s-it so that they 
ean-teeare open channels or closed channels. 

147. A mixed-mode fuel injector according to claim 2 has A fuel injector of claim 1 has 
a plurality of micro-channGls underneath the said conical surfacej;CL_-wit*«-t+ie-6f0S6 
seetie n o hap o of c onvont iQflal -f>ozz l o h elo s, ' whioh-ea tv-fornning a_sac-hole or valve- 
covered-orifice multi-hole type injector through blocking the circular aperture by the 
needle head at a predefined needle-lift range. 

15§. A mixed-mode fuel injector according to claim 2.T t<e^faet-iftiectoF- of-Glaim-4-haB 
meafi&-ef^efieratin§^Mierein_differen^ shapes of fuel sprays are generated by changing 
the magnitude of lift of said needle valveiHrWher-eiB- and the needle valve is an^nqed 
wiMn the nozzle body (51 so that, a t low to medium injection loads, fuel is mainly injected 
through the variable circular aperture between the needle head jSLand nozzle bodyil). 
thus mainly fomis a conical shape spray, v»fhile at high Injection loads, fUel is injected 
through both the variable circular aperture between the needle head and nozzle body 
and the micro-channels_M. thus forms a mixed-mode conlcal-multi-jet shape spray, 
whereby provides different atomization desired by engine combustion at different loads. 

j£9. A mixed-modft fuel injector arrnrriinn to claim 2.A-fael-iFHeGtOF-ef-^>laif»M-tos 
means-of-generatiflg-wherMLdifferent shapes of fuel sprays are generated by changing 
the magnitude of lift of said needle «oi»*> fi) and th^ needle valve is arranged within the 
nn^Tifl hndv (5) so that.r ^»>efein--at low to medium injection loads, fuel is mainly injected 
through the variable circular aperture between the needle head {3Land nozzle body, thus 
mainly forms a conical shape spray, while at high injection loads, the needle head can 
completely or partially block the variable circular aperture, whereby fuel is fully or mainly 
injected through the micro-channelsjei. which can be open channels or closed channels 
depending on penetration needs, thus mainly forms conventional multi-hole sprays at 
high loads, whereby provides different penetration desired by engine combustion at 
different loads. 



-•fOr 



JFIWrfueMnjestei^^laim-arv^erei^^ 



Is-^-eenieai-gtiFfaser-the-eenieat-eurfa c o is of a c i n gl o conteal-stirfaGeT-^ifrtegfated 
oon i oa l o u rfaco oompricing tw o or mo ro con i c al o u rf aop ^ith d i fforont eenieai-aflgiesr-a 
div or ging curve s uf fao o . th o uppor rim o f4he4^ead^e-Beedt&^Aatve46-me rg o d in th o tip 
.ef4he-Rezzle-bedy^wing-tl»o-noo dl o li ft ing. w hefi-t<^e-needle-va<v»46^iftedrfaelHS 
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syf^aGe-oMe-ftezzfe-bedyr 

1744. A mixed-mode fuel in|ector according to claim 1 or 2T 4=te4(jeMPHeetQr--ef-Gialm4~OF 
0laim^, wherein the fuel channel between the needle valve iHand the nozzle body (5Iis 
of converging-diverging shap e andT by lifting said needle valve at different magnitudes, 
the minimum cross-section Is at the sealing surface during the early stage of fuel 
injection, the minimum cross- section is at said micro-variable-circular-orifice (4Lor at the 
sealing surface during the middle stage of fuel injection, and the minimum cross-section 
is at the sealing surface again during the late stage of fuel injection, whereby it has 
means of ensuring fine atomization during ail fuel injection stages. 

1842, A mixed-mode fuel iniector according to claim 1 or 2T h&-feieMfiie6tef-e f cla i m 1 or 
6laim-a, wherein the angle between the centerline of the conical surface £CLand the 
centerline of the nozzle body I5j_is approximately 0-15 degrees, depending on aQ»e 
angle between athe centerline of the fuel injector and the-a_centeriine of the-a-Piston in 
^an engine cylinder. 

^Q^, A mixed-mode fuel iniector according to anv of the preceding claimsThe-foet 
injootor of claim 1 or cloim-^. wherein the fluid-fiigLinjected san-be -i.s one or more of 
diesel fuels, gasoline fuels, alternative fuels, mixtures of water and fuels, pure water_7or 
Jiquid exhaust cleaning n-1-'itiv°'^"'^'^^- ^'^'<^*' ^"^1 iniector is aserves-as^ 

general purpose injector. 

2044. A mixed-mode fii»l iniector a ^r-orriina to claim 1/V^ueMf»ie6tet^-6laim^^-ef-€laim 
2, wherein the needle valve Ol's passively driven by high fuel pressure.T^«heFeby-a£hicli 
provides said driving means. 

2145. A mixed-mode fufil iniector a r.r.nrHino to claim 1A -fuet-ifHeetQ<H3#-6l aim 1 or clai m 
2, wherein the needle valve OLis actively driven by an actuato r which provides said 

drivina means.7 

22. A mixftri-mode fuel iniector acco rriino to claim 21. wherein the virtwh-eaB-be-a 
actuator is a solenoid or a piezo actuator,rwher«by-pfevide&^aid-dHving-meaRST 

2S4€. A mixed-mode fuel iniector A fuo l injoct er. which has a micro-variable-circular- 
orlfice (MVCO) comprising a variable circular ring aperture and multiple-miao-channels 
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as in claim 42 , wherein the MVCO is used as a sole orifice or in-combination with other 
multi- hole conventional orifice. 



q:h©se-are-sl«ltecl-in4he-ai*-w»l44»B€l~t^ 

^:^022le-st«JGtwe-leH0w»ng4he--6af»^ 

m i c ro c h affflel&~Qr-^d€llf>g"^fiifals-ef^^ t he noz z l e 

j^dyy.^wh or o in outor s urfa cos of th e nozzle-teody- oan b e of cy tin^GaH-'eoRieair-^F 
o o nv or g i n g d i vo r g ing-^apesr^here by th ose pamifiGatienG-afe-AA/tthtfy-^^e-^ope-eMhis 

H w e nt i o fiT 
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